






Development of New Irrigation System 
based on Water Relations Research for Citrus 
Fruit Production
Kunihisa Morinaga
(Course of Applied Plant Science)
　A new cultivation system using drip irrigation and liquid 
fertilization methods combined with year-round plastic 
mulching system (DLYM system) was developed, expecting 
high quality and stable fruit production based on the 
research results on water relations of Satsuma mandarin 
(Citrus unshiu M.), where sugar accumulation in fruit was 
caused by an increase in translocation of photosynthates 
into fruit under drought stress.
　Water and/or nutrient solution is automatically supplied 
through the drip tubes laid under mulching sheets to give 
adequate water stress. Fruit quality was well controlled 
through the DLYM system. Sugar content of fruit increased 
by 2 Brix %, and functional components such as 
β‒cryptoxantin and β‒caroten increased by about 50% 
compared to juice from fruit grown on control trees. In 
addition, new technologies were developed, such as 
hydraulic design support system and water stress indicator 
sheet.
Key words : water stress, drip irrigation, mulching, 
satuma mandarin


































































































































































Fig. 1 Change of water potential (A), osmotic potential (B), 
and turgor (C) of peel of satsuma mandarin fruit grown 
under well-watered (○), moderately drought-stressed 
(▲), and severely drought-stressed (■) conditions. 
Each point is the means±SE of the three peels, each 













































































































Fig. 2 The distribution percentage of the assimilated 13C in peels, locular membranes and juice sacs of satsuma mandarin fruit grown 
under well-watered (open column), moderately drought-stressed (laterally striped column), and severely drought-stressed 
(shaded column) conditions. Each error bar indicates the mean±SE of three tissues from a different tree. Peels, locular 





















Fig. 4 Satsuma mandarin orchard installed with drip irrigation and liquid fertilization methods combined with year-round plastic 

























































































































Fig. 5 Effects of DLYM on sugar content, acid content and sugar/acid ratio of extremely early and late matured satsuma mandarin 
fruit.
DLYM : drip irrigation and liquid fertilization methods combined with year-round plastic mulching system, Control : not using 
any irrigation system and mulching. Extremely early matured satsuma mandarin : Nichinan No. 1, Late matured satsuma 
























































































































































Fig. 6 Water stress indicator sheet affixed on abaxial side of leaf changes color depending on the water status of citrus trees, for 
quick check.







































































Table 1  Effect of drip irrigation and liquid fertilization methods combined with 
year-round plastic mulching system (DLYS) on respiration rate of sat-
suma mandarin fine root.
Respiration rate of fine root
(ｻmol O2/g DW/h)
August September
Root below drip orifice (12㎏ N/10a/Year) 30.7±2.5 31.5±4.6
Root away from drip orifice (12㎏ N/10a/Year) 25.1±4.2 26.6±3.0
Root below drip orifice (20㎏ N/10a/Year) 28.4±1.3 28.4±3.4
Control
























































Fig. 7 Mass management shared use of liquid fertilization system combined with plastic mulching of citrus orchards.
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